extraction were grown as described previously (Untereiner et al. 2008) and total nucleic acids 122 were extracted from mycelia following the protocols of Lee and Taylor (1990) . The nuclear 123 ribosomal internal transcribed spacer (nucITS) region and a portion of the gene encoding the 124 protein β-tubulin were amplified as described in Bogale et al. (2010) using the primers ITS4, 125 ITS5 (nucITS) (White et al. 1990 ) and Bt2a, and Bt2b (β-tubulin) (Glass and Donaldson 126 1995) . PCR products were cleaned using a QIAquick PCR Purification Kit (Qiagen, 127 Mississauga, Canada). Sequencing reactions were performed using a Taq DyeDeoxy cycle 128 sequencing kit or a BigDye Terminator cycle sequencing kit (Applied Biosystems, Inc., Foster 129 City, USA) using the primers listed above. Confirmation of the identification of these taxa as 130
Aspergillus navahoensis (UAMH 11867; GenBank KU310972, KU310974) and A. 131 pseudodeflectus (UAMH 11868; GenBank KU310973, KU310975) was based on the 132 comparison of generated DNA sequences to the nucITS and β-tubulin barcodes provided by 133 Samson et al. (2014) . 134
135

Statistical analyses 136
Daily temperature readings for Thermocron iButton data loggers placed in the south side of 137 each mound were averaged per day from May 6 to September 18, 2014. Data for the tops of 138 mounds were not included in averages because two iButtons from this location were 139 dislodged during the course of the study. Data from the north sides of mounds were also 140 excluded because these temperatures differed significantly from temperatures from the south 141 sides of mounds (data not shown). A one-way analysis of variance (ANOVA) of temperature 142 differences (mounds 1, 2, and 3, non-mounds 1, 2, and 3, and ambient temperature) was 143 conducted using PSPP v 0.8.4 (Pfaff 2015) . The same software was used to perform a post-144 hoc Tukey HSD test.
D r a f t
Numbers of isolates on DRBA were used to calculate colony-forming units (CFU) per g 146 of soil and the proportional abundance of each species or taxon within a group (i.e., "sterile" 147 and "undetermined"). Diversity indices (Shannon, Simpson and Simpson inverse) were 148 calculated using BiodiversityR (Kindt and Coe 2005) . Rényi diversity profiles describing the 149 richness and evenness of sites were also generated using BiodiversityR. Between sites 150 comparisons of species-abundance data were measured using the Morisita-Horn index of 151 similarity in BiodiversityR. These data were converted into distance matrixes and employed to 152 generate dendrograms using hierarchical clustering R v 3.2.2 (R Core Team 2015) . 153
154
Results
155
Maximum and mean average daily temperatures of soils from mounds exceeded those of 156 adjacent non-mound sites (Table 1) and results of an ANOVA (F (6, 924) = 61.90, p = 0.000) 157 (Supplemental Table S2 ) indicated significant differences in the mean average temperatures 158 between sites. Post-hoc Tukey HSD multiple comparisons revealed that the average daily 159 temperatures of mounds were higher than non-mound sites (Supplemental Table S3 ). The 160 temperatures of mound 2 and 3 did not differ significantly, nor were significant differences in 161 temperature seen among non-mound sites. All mound sites were warmer than ambient 162 temperature whereas non-mound sites 2 and 3 were cooler. Non-mound site 1 did not differ 163 significantly from ambient temperature. Differences in the average weekly temperatures of 164 soils from mound and non-mound sites are illustrated in Figure 1 . 165
Excluding non-filamentous fungi and Zygomycota, a total of 3929 isolates representing 166 307 taxa were recovered at all dilutions from mound nest and adjacent non-mound sites on 167 DRBA (Table 2, Supplemental Table S1 ). Higher numbers of isolates and taxa were obtained 168 from DRBA incubated at 25 C. Soils collected in July contained a larger numbers of isolates 169 (Table 2 ) and had greater species richness (Table 3 ) than soils collected in May.
D r a f t
The abundance ), diversity, and richness of species from soils of nest mounds 171 generally exceeded those of non-mounds, particularly in July (Table 3) . Mound soils differed 172 in richness among sites in July, as did soils from non-mounds. Species richness in May did 173 not differ as dramatically between sites with the exception of mound 1 which was under-174 sampled because of an error in the preparation of soil dilutions. Rényi profiles did not 175 discriminate between mound and non-mound soils in May with respect to species diversity; 176 soils in July differed with the exception of non-mound 2 that intersected with mound 2 and 177 mound 3 (Figure 2 ). As illustrated in Figure 2 , the evenness of species from soils from non-178 mound 2 was higher than at all other sites in May and July but the evenness of the remaining 179 sites could not be ranked. The evenness of soil from mound 1 in May likely reflects the 180 aforementioned under-sampling. Communities in soils from mounds were more similar to 181 species from mounds than non-mound sites in May and July (Figure 3 ). This was also the 182 case for taxa from non-mounds with the exception of the community from non-mound 1 in 183
July that more closely resembled the mycota from mounds. 184
The most abundant fungi in soil from mounds were Aspergillus navahoensis (ITS 99% 185 similarity to EF652424; β-tubulin 99% similarity to EF652248) and Aspergillus 186 pseudodeflectus (ITS 100% similarity to EF652507; β-tubulin 100% similarity to EF652331), 187 that represented 17.4 to 44.2% and 8.6 to 37.6% of the recovered taxa, respectively (Tables 188 4-5). Both species were recovered from all mounds in May and July. The proportional 189 abundances of these species were higher in May except that A. pseudodeflectus was more 190 abundant in mound 2 in July. Acremonium. However, these fungi were not the dominant members of the mycota of all 201 mounds nor were they equally abundant in the same mound in both May and July. 202
Undetermined species were dominant members of soils from mound 3 and were more 203 abundant in July. Sterile fungi comprised more than 5% of the isolates in soils from every 204 mound but only in July. 205
Species of Penicillium were dominant members of the mycota of soils from non-mound 206 sites but were less abundant in May than in July. Other taxa from non-mound sites with 207 abundances greater than 5% included Cladosporium cladosporioides, Geomyces pannorum, 208 undetermined and sterile fungi, and members of the genera Acremonium, Fusarium and 209
Phoma. However, only Geomyces pannorum, undetermined and sterile fungi, and species of 210
Penicillium represented more than 5% of the taxa recovered at more than one site at a given 211 sampling time. 212
213
Discussion 214 The results of the present study agree with Scherba (1962) who reported that the thatch-215 covered mound nests of Formica ulkei are warmer than surrounding undisturbed soils during 216 the months when these ants are most active. We also observed significant differences 217 between the temperatures of the north and south sides of mounds (data not included), a 218 phenomenon that can likely be attributed to variations in the dimensions of mounds, the 219 composition and density of thatch, and degree of shading (Scherba 1962; Frouz 2000 ; 220 D r a f t Our investigation also demonstrates that the communities of fungi in soils from nest 222 mounds of Formica ulkei differ from non-mound soils with respect to the abundances of 223 species, species richness, and diversity. Soils of nest mounds of F. ulkei resemble those of 224
Solenopsis invicta (red imported fire ant) in containing greater numbers of fungal colonies 225 than adjacent, non-nest soils (Zettler et al. 2002) but they differ in having higher levels of 226 species richness. In July, two of the three mounds we sampled had higher levels of species 227 diversity than non-nest soils. In contrast, culture-dependent assessments revealed that below 228 ground nests of young colonies of Atta (leaf-cutting ants) contain lower to comparable 229 numbers of colonies of filamentous fungi as non-nest soils but have similar levels of species 230 diversity and richness (Rodrigues et al. 2014) . 231
Members of the Trichocomaceae (species of Aspergillus, Paecilomyces and Penicillium) 232
were dominant in soils from mound nests of F. ulkei and represented 39.5% (mound 3) to 233 81.8% (mound 1) of the total numbers of taxa recovered. Trichocomaceae are among the 234 most common filamentous Ascomycota isolated from the nests of mound-building and leaf-235 cutting ants (Baird et al. 2007; Zettler et al. 2002; Sharma and Sumbali 2013; Rodrigues et al. 236 2014) but only a single study (Zettler et al. 2002) resembles ours in recovering different 237 representatives of this family from nests and non-nest soils. 238
Aspergillus accounted for more than 80% of Trichocomaceae isolated from mound nests 239 and were represented almost exclusively by Aspergillus navahoensis (section Nidulantes) and 240
A. pseudodeflectus (section Usti). Aspergillus navahoensis was described from soils from a 241 cool desert shrub community in northern Arizona (Christianson and States 1982) and belongs 242 to a section of the genus that occurs at greater than expected frequencies in desert soils 243 (Klich 2002b) . This species was recovered originally in low numbers (Christianson and StatesD r a f t described. Aspergillus pseudodeflectus is an infrequently collected osmophilic species 246 described from desert soils in Egypt (Samson and Mouchacca 1975) that was reported to be 247 restricted to the tropics and subtropics (Christensen and Tuthill 1985) . It is closely related to 248
A. calidoustus, a more commonly encountered species known from clinical and environmental 249 sources that is distinguished from A. pseudodeflectus based on its ecology and molecular 250 barcodes (Samson et al. 2011 (Samson et al. , 2014 . 251
Trichocomaceae were also abundant in soils from non-mound sites but were 252 represented almost exclusively by species of Paecilomyces and Penicillium. These genera 253
were consistently more abundant in non-mound soils than in soils from mounds. Members of 254 the genus Aspergillus were absent from non-mound soils with the exception of a single colony 255 of A. pseudodeflectus that we suspect was a contaminant. for mound and non-mound soils, only the former species was determined to be thermotolerant 280 (i.e., it grows at temperatures below 20˚C and at 40˚C or higher). This finding, in conjunction 281 with our observation that all Aspergillus and Paecilomyces and nearly half of the species of 282
Penicillium were isolated at both 25˚C and 35˚C (Supplemental Table S1 ), suggests that 283 water availability is also be a determinant of fungal community structure in mound nests of F. Nests of Formica ulkei are reservoirs of fungal diversity that should be explored furtherD r a f t using the approaches presented here. Our understanding of these communities would be 295 improved with the more frequent sampling of nest mounds and adjacent non-nest soils, the 296 isolation of fungi over a longer period of time, the use of media designed to isolate 297 ecologically specialized taxa, and the determination of temperature differences from a larger 298 number of sites within nest mounds. And because the enumeration methods used in our 299 study are selective for fungi that produce abundant spores (Garrett 1981), it would be 300 valuable to examine the diversity of culturable fungi in these soils using alternative isolation 301 May  25  134  135  191  80  391  237  1168  May  35  54  2  152  152  116  20  496  July  25  416  59  267  139  552  1  1434  July  35  328  59  152  35  240  17  831  Total  −  932  255  762  406  1299  275  3929 D r a f t D r a f t 
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D r a f t
